G astroesophageal reflux disease (GERD) is well delineated; however, clinically it is incompletely understood. Esophageal irritation is caused by the reflux of gastric contents into the esophagus. Gastric contents can be acidic or bilious. Radiography and scintigraphy can show the existence of reflux but not in a way that can be studied in detail. pH measurements mostly register marked acidic episodes and episodes with a plateau in the esophagus; manometric measurements display the changes of pressure gradients. These methods provide a variety of often contradictory data that are explained rather arbitrarily. None of these procedures is simple for the patients. The instrumental methods change the condition in site, thereby exerting nonphysiological effects, the first of which is nausea. Thus, we may have contaminated data of the events that may happen to the esophagus under normal circumstances. Ultrasonography is a technique used to display the motion and streaming patterns in the gastroesophageal area without affecting the subject's physiology. Ultrasonographic data were added to those provided by endoscopy.
PATIENTS AND METHODS
A method of surface esophageal ultrasonography was structured after examining a number of unselected people, and a 'first-attempt survey' (to set the method in gastroesophageal reflux) was completed. Twenty-five patients with endoscopic signs of esophagitis grades 1 to 3 (group 1) were examined by ultrasound. Endoscopy preceded ultrasonography. An unusual motion pattern of gastroesophageal reflux was observed in an additional 25 patients with retrosternal acidic burning, with a nocturnal peak; these patients were examined, first by ultrasound and then by endoscopy (group 2). Any patient with cardiac and/or thoracic-related complaints was excluded at the beginning of the survey. Thirty other patients without any complaints or signs of esophagitis but having superficial gastritis (19 patients) or gastroduodenal ulcer (11 patients) were examined for upper panendoscopy and comprised the control group (group 3). There were 17 men and eight women in group 1, aged 26 to 48 years, and 15 men and 10 women in group 2, aged 29 to 58 years. In group 3, 18 men and 12 women, aged 22 to 42 years were ranked. Ultrasonography was carried out on all patients in the supine position, after 3 to 6 h of fasting. The transducer was positioned 45°oblique, left from the xyphoid process. After the longest available portion of the lower part of the gastroesophageal junction was identified, each patient was asked to swallow a mouthful of water or tea, or saliva ('sham swallowing') during the examination in order to provoke motion in the site of interest. Then, an abdominal surface ultrasound examination was recorded for approximately 15 to 20 mins on video. A Toshiba 250A ultrasonograph (Variotrade Kft, Hungary) with a 3.75 MHz convex probe and a Panasonic 6200 video recorder (Panasonic Kft, Budapest, Hungary) were used.
On the subsequent day, group 2 also underwent esophagogastroscopic examination. An Olympus GIFQ20 upper endoscope (Olympus Div Hungary, Hungary) with Sony video extension was used.
The following tests were carried out through a gastric tube in all 80 patients: pH and sodium hydroxide titration of acid, mucus and bilirubin indicated by crosses, benzidin, lactate measurements, bacterial cultivation and urease tests of the gastric contents. Biopsies were done in only 32 cases, for patchy mucosae or the suspicion of metaplasia (12 in group 1 and 20 in group 2). To prevent nonphysiological intrusions, no manometric or pH monitorings were used.
RESULTS
The dynamic events observed in real time abdominal ultrasonography cannot be displayed on a still photo, so only the ultrasonogram of a moment of the reflux in the gastroesophageal area (lower esophageal sphincter [LES], Figure 1 ) is shown. In the live events, after patients swallowed a mouthful, fast reflux of the gastric content was frequently seen immediately, and followed almost immediately by a fast clearing. In 32 people (of groups 1 and 2), however, another form was also observed -four to five episodes per minute of trickling, slow refluxes of the gastric content not followed by any aboral motoric activity of the esophagus (Figure 2 ). Clearance followed only after a number of trickling refluxes (in 0.5 to 2 mins) and was as fast as was seen in the 'fast form'. Additionally, the slow, trickling reflux stopped in some cases when the patient held his breath.
Preceeding or subsequent esophagogastroscopy revealed GERD, grades 1 to 3 (Barrett's esophagus in five), in 46 of 50 patients (92%) in groups 1 and 2. Bilious reflux was revealed in nine. Diaphragmatic herniation was observed in 18 patients. The slow, trickling form of gastroesphageal reflux (GER) was demonstrated in 32 of 46 patients (69.5%) (Table 1). In four other patients, the trickling reflux was not observed by ultrasound; however, one incompetent cardia was demonstrated with esophagoscopy in group 2. The four patients in group 1 (no trickling reflux demonstrated) were evaluated as non-GERD; however, mycotic esophagitis was found in two of the esophagitis patients. In the 30 control patients (group 3), neither esophagitis nor trickling reflux was demonstrated ( Table 2 ).
The basic therapy for patients with GERD was the administration of cisapride 5 mg three times daily. Antacid treatment (1´20 mg/day omeprazole) was given to those who also suffered from hyperchlorhydria. The two mycotic esophagitis patients chewed and swallowed 3×1 tablets of nystatin (500,000 IU nystatin per tablet) for two weeks; the other two non-GERD esophagitis cases were treated by regular intake of sucralfat suspension (four to five times daily). The gastritis and ulcer patients (group 3) were treated on the basis of the chemistry of their gastric content (omeprazole 20 mg was prescribed for the hyperchlorhydric and 3´10 mg domperidonum for the hypochlorhydric patients). All except two of the 46 GERD patients became symptom free in one week; the other two had to be sent for surgery (Nissen's fundoplication) for intractable reflux and Barrett's esophagus.
DISCUSSION
Ultrasound can display the regional anatomy of the abdominal organs and systems, and their motion patterns. The lower portion of the esophagus is situated para-and retrocardially, and reaches the stomach at a 35°to 45°angle, just below the diaphragm, at the level of the left hepatic lobe and the aorta. The transition between the spiral musculature of the LES and the longitudinal plicae of the stomach can also be distinguished. Ultrasonography of the esophagus was carried out first in fetuses and children to investigate anatomical disorders (1,2). The esophagus, in adults, can be followed to the stomach as a characteristic parallel structure just behind the left lobe of the liver. When visualization is clear, it is easy to identify when aboral motion and reflux occur. The speed and direction of the reflux can also be seen. In a precise survey, diaphragmatic herniation can also be observed.
With the help of ultrasound, the events of swallowing and reflux can be studied at the LES area, the lower portion of the esophagus and the gastric cardia in adults. We unexpectedly observed a movement of the LES in some patients who suffered from endoscopically proven GERD. Unlike fast reflux and clearance observable also in healthy people, these patients displayed several episodes of a slow, trickling form of reflux that was not followed by immediate clearance. The esophagus discharged its content only after four to five slow reflux episodes, and only after about 0.5 to 2 mins. Holding a deep breath stopped trickling reflux in a number of cases; it is presumed that the hiatus esophagealis diaphragmae had narrowed and increased the pressure at the LES. Another possibility could be a narrowing of the esophageal sphincter in the elongated esophagus.
It is important that the phenomenon was observed in 69.5% of the examined GERD patients. The relatively high number may indicate the importance of this observation in GERD.
No instrumental examinations (pH or manometric measurements) were used because we wanted to prevent any disruption of the normal state of the esophagus and the irritating effect of the devices ('Heisenberg's rule': in a system we also measure the effects of our tools). These methods may suffer from an intrinsic error because provocation of nausea and excitement is artificial.
Reviewing the recent literature available on GER, we did not find any data on using ultrasonography to analyze the events of GER. This method does not alter the real conditions, unlike pH and pressure measurements with their probes. Barium meal and scintigraphy (3) display only the gross events. Thus, ultrasound seems to provide reliable data with details. Our observation, that there is also a slow type of reflux, corresponds to the results of Schoeman and Holloway (4, 5) , who demonstrated the volume-dependency of secondary esophageal peristalsis under experimental condition, and the lower rate of peristalsis in GERD patients. This observation may also explain the surprising data of Barham et al (6) , in that the severity of reflux disease is parallel to the higher number of reflux episodes and their longer duration, and it has an inverse relationship with the degree of LES relaxation in reflux periods. Less relaxation may result in a trickling reflux. Similar findings were noted by Pustorino et al (7) . According to the 24 h pH monitoring of Hendrix (8) and Bollschweiler et al (9) , there is a high number of serious refluxes that do not correspond to the clinical and histological severity of GERD. There is also a high number of significantly serious refluxes that are of the fast form. This observation supports our theory that any period of fast refluxes followed by immediate clearance does not harm the esophageal mucosa as much as the same period spent under trickling reflux that is not followed by subsequent secondary clearance.
The frequent occurrence of insufficient esophageal clearance by Lin et al (10) describes what happens after barium meals, and fluoroscopic and scintigraphic assays of the esophageal residue in reflux patients without esophagitis versus reflux patients with esophagitis. Pustorino et al (7) found that the LES pressure is reduced significantly and that uncoordinated LES relaxation on swallowing is increased in patients with GERD. Uncoordinated LES relaxation helps the development of trickling reflux.
CONCLUSIONS
On the basis of these findings, it is presumed that the defending motor reflex (secondary peristalsis) generated by esophageal distension is undeveloped in slow, trickling reflux. Thus, the bicarbonate of the saliva and the esophageal secretum (11) cannot defend the esophageal mucosa. In GERD, the disorder of these mechanisms, the deterioration of sensory, tonic or both functions is presumed.
Because we observed this type of GER only in patients with GERD, it is presumed that this is a special form and that it may be characteristic of the disease. Although theoretically it may be secondary to pathological conditions of the LES, we think that it has a basic role in causing and maintaining the disease. It was observed only in patients with GERD, and it exposes the esophageal mucosa for a time sufficient to cause harm to it.
